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SUMMARY

The nutritional role fruits could play in poor-quality diets, as sources of 
vitamin A and ascorbic acid, is described. Likewise, summarized information 
is presented on the use of some unknown tropical fruits relatively abundant 
in Central America as components of high-protein foods, providing nutrients 
such as provitamin A and ascorbic acid, as well as a variety of flavors. In these 
studies the fruit pulp as a purée was added either fresh or drum-dried, to 
a com-soybean blend. In all cases there occurred a decrease in protein quality, 
which was more marked for some fruits than for others, probably due to the 
dehydration process used. The chemical composition of other tropical fruits, 
not consumed by people but which could be used as animal feed, is also pre­
sented. This type of fruits includes the Chalum (Inga, spp.) and some Cucur- 
bitaceae. Others contain seeds with a high oil and protein content. Among 
the latter, Jicara (Crescentia alata) offers very good industrial possibilities.

I N T R O D U C T I O N

L a t in  A m e r ic a  h a s  a  la rg e  n u m b e r  o f  t r o p i c a l  f r u i t s  w i th  i n t e ­
r e s t in g  c h a r a c t e r i s t i c s  o f  f l a v o r  a n d  n u t r i e n t  c o n t e n t ,  p a r t i c u l a r ly
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v i ta m in s  w h ic h ,  i f  p r o p e r ly  s t u d i e d ,  c o u ld  m a k e  s ig n i f i c a n t  e c o ­
n o m ic ,  i n d u s t r i a l  a n d  n u t r i t i o n a l  c o n t r i b u t i o n s  t o  b o t h  m e n  a n d  
a n im a ls .  I n  g e n e ra l ,  th e s e  f r u i t s  a r e  v e ry  l i t t l e  k n o w n ,  e i t h e r  b e ­
c a u s e  a t t e n t i o n  h a s  b e e n  g iv e n  o n ly  t o  th e  m o r e  t r a d i t i o n a l  o n e s ,  
o r  b e c a u s e  n a t i o n a l  a g r i c u l tu r a l  a g e n c ie s  d o  n o t  in c lu d e  in  t h e i r  
p r o g r a m s  r e s e a r c h  o r i e n t e d  t o  e x p lo i t  th e s e  n a t u r a l  r e s o u r c e s .

In  C e n t r a l  A m e r ic a ,  h o w e v e r ,  s o m e  r e s e a r c h  is b e in g  c a r r ie d  
o u t  m a in ly  b y  n a t i o n a l  i n s t i t u t i o n s  r e s p o n s ib le  f o r  f o o d  s c ie n c e  
a n d  t e c h n o lo g y  p r o g r a m s  w h ic h  f o l lo w  t r a d i t i o n a l  l in e s ,  s u c h  as 
in c r e a s in g  s to r a g e  t im e  b y  c o ld  t e m p e r a t u r e  o r  w a x in g  ( 1 ), c h e m ­
ic a l  a n d  p h y s io lo g ic a l  s t u d ie s  r e l a t e d  t o  s to r a g e  a n d  t r a n s p o r ­
t a t i o n  ( 2 ,  3 ) ,  c h e m ic a l  c h a r a c t e r i z a t i o n  d u r in g  m a t u r a t i o n  ( 4 ,  5 ) , 
p r e p a r a t i o n  o f  f r u i t  ju i c e s  a n d  c o n c e n t r a t e s  ( 1 ), d e h y d r a t io n  
s tu d ie s  ( 6 ), a n d  d e v e lo p m e n t  o f  f r u i t - d e r iv e d  p r o d u c t s  s u c h  as 
ja m s ,  m a r m a la d e s  a n d  th e  l ik e  ( 1 ,7 , 8 ). A s  in d i c a t e d  a b o v e ,  th e s e  
s tu d ie s  a re  b e in g  c a r r ie d  o u t  w i th  c o m m o n  f r u i t s ,  b u t  n o t  w ith  
th e  le s s  k n o w n  f r u i ts .

C o n s id e r a t i o n  h a s  b e e n  g iv e n  t o  th e  ro le  t h a t  s o m e  f r u i t s  
c o u ld  p la y  in  im p r o v in g  th e  n u t r i t i o n  o f  t h e  a r e a .  F o r  e x a m p le ,  
s t u d ie s  h a v e  b e e n  p e r f o r m e d  o n  th e  n u t r i t i o n a l  c o n t r i b u t i o n  o f  
t h e  N a , K ,a n d  v i t a m in  c o n t e n t  in  f r u i t  ju i c e s  ( 9 ) .

In  th e  p r e s e n t  p a p e r  w e  w ill d is c u s s  o t h e r  p o s s ib i l i t i e s  fo r  
u s in g  s u c h  f r u i t s  a s  s o u r c e s  o f  n u t r i e n t s  w h ic h  h a v e  b e e n  s h o w n  
to  b e  d e f i c i e n t  in  t h e  d i e t  o f  m a n y  p o p u l a t i o n  g r o u p s  in  L a t in  
A m e r ic a .  I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  a s id e  f r o m  th e  c a lo r ie ­
p r o t e in  d e f i c ie n c y ,  th e s e  p o p u l a t i o n s  a ls o  s u f f e r  f r o m  d e f i c ie n ­
c ie s  o f  o t h e r  n u t r i e n t s ,  a m o n g  w h ic h  v i t a m in  A  a n d  r ib o f la v in  
a re  i m p o r t a n t .  S im ila r ly ,  in  a  v a r i e ty  o f  o c c a s io n s  i t  h a s  b e e n  
f o u n d  t h a t  v i t a m in  C  d e f i c ie n c y  a ls o  o c c u r s .  F u t h e r m o r e ,  w e  sh a ll 
c o m m e n t  t h e  ro le  t h a t  th e  p u lp  a n d  s e e d s  o f  s o m e  f r u i t s  c o u ld  
p la y  as p r o t e in  a n d  o il  s o u r c e s  a n d ,  s o m e t im e s ,  a s  a n im a l  fe e d s ,  
u s in g  e i t h e r  t h e  w h o le  f r u i t  o r  i t s  b y - p r o d u c t s .

T R O P I C A L  F R U I T S  A S  S O U R C E S  O F  C A R O T E N E , 
V IT A M I N  C  A N D  E N E R G Y

T h e  IN C A P -IC N N D  F o o d  C o m p o s i t i o n  T a b le  f o r  U se  in  
L a t in  A m e r ic a  ( 1 0 )  l i s ts  th e  c h e m ic a l  c o m p o s i t i o n  o f  a r o u n d  1 8 0  
f r u i t s ,  i n c lu d in g  p r o d u c t s  d e r iv e d  f r o m  th e m .  F r u i t s  w i th  a  h ig h  
c o n c e n t r a t i o n  o f  c a r o t e n e  a n d  o f  a s c o r b ic  a c id  w e re  s e le c te d  f ro m  
th e  a b o v e - m e n t io n e d  l i s t s ,  a s  e x a m p le s  o f  p o t e n t i a l  o r  a c tu a l  
s o u r c e s  o f  th e s e  n u t r i e n t s  in  t h e 'd i e t  ( T a b le  1). A s t h e  d a t a  re v e a l , 
f o r  v i t a m in  A  a c t iv i t y  v a lu e s  r a n g e  f r o m  1 1 0  t o  8 3 5  m e g  % , w h ile  
t h e i r  a s c o r b ic  a c id  c o n t e n t  f l u c t u a t e s  b e tw e e n  6 a n d  7 9  m g  % . 
H a w t h o r n  ( a  v a r i e ty  o f  c r a b  a p p le )  is  p a r t i c u l a r ly  h ig h  in  v i ta m in  
A  a c t iv i t y  a s  w e ll a s  p e a c h ,  p a lm  f r u i t ,  a n d  p i t a n g a .  H a w t h o r n  is  a l-



TABLE 1

SOME TROPICAL FRUITS OF INTEREST FOR THEIR HIGH CAROTENE AND ASCORBIC ACID
CONTENT (WET BASIS)

Ñ am e o f  th e  f ru it
Vitamin A 
activity, 
meg %

Ascorbic 
acid, mg %

English Spanish Scientific

Mango Mango Mangifera indica 630 53
Hawthorn Manzanilla Crataegus pubeacens 835 79
Muskmelon Melón Cucumis melo 350 29
Persimmon Palo Santo Diospyros kaki 750 11
Papaya Papaya Carica papaya 110 46
Peachpalm fruit Pejibaye Guilielma gasipaes 670 36
Pitanga Pitanga Eugenia uniflora 635 14
Plantain Plátano Musa paradisiaca 175 20
Soncoya Sincuya Annona purpurea 360 28
Uchi Uchi Endopleura uchi 165 6
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SOME TROPICAL FRUITS OF INTEREST FOR THEIR HIGH OIL CONTENT

TABLE 2

Use
N am e o f  the  fru it

Water
g/100 g

FatEnglish Spanish Scientific

F Avocado Aguacate P. americana 77.0 15.8
F Enterpepalm Acai E. oleracea 41.0 12.2
F ,I Coconut Coco C. mucifera 54.6 27.2
F, I Cacao Cacao Teobroma cacao 3.6 46.3
F ,I Calabash tree Morro Crescentia alata 3.4 39.7
F, I Peachpalm fruit Pejibaye Guilielma gasipaes 40.0 16.8
F, I Pumpkin seed Pepitoria C. pepo 4.9 45.8
I Coyol fruit Coyol A. mexicana 51.8 13.8
I African oil palm Palma de aceite E. guineensis 28.0 59.0

F =  Food.
I =  Industrial uses.
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so  re la t iv e ly  r ic h  in  a s c o r b ic  a c id ,  a l t h o u g h  i ts  v a lu e  is n o t  a s  h ig h  
as  t h a t  o f  th e  w e l l - k n o w n  B a r b a d o s  c h e r r y  o r  a c e r o la .

C a lo r ie  d e f i c ie n c y  is a ls o  o f  im p o r t a n c e  in  m a n y  d e v e lo p in g  
c o u n t r i e s  o f  th e  t r o p ic s .  T a b le  2  s h o w s  t h a t  i t  w o u ld  b e  p o s s ib le  
t o  in c r e a s e  th e  e n e rg y  in t a k e  in  h u m a n  p o p u l a t i o n s  i f  s u c h  f r u i t s  
o r  t h e i r  c o m p o n e n t s  w e r e  c o n s u m e d  r e g u la r ly .  A s  th e  T a b le  i n d i ­
c a te s ,  f a t  c o n t e n t  v a r ie s  in  th i s  g r o u p  o f  f r u i t s  f r o m  1 6 .8  to
5 9 .0 % .  T w o  o f  th e s e ,  th e  s e e d s  o f  th e  c a la b a s h  t r e e  a n d  o f  th e
p u m p k i n ,  a re  c o n s u m e d  a s  f l o u r s  s u s p e n d e d  in  w a te r  o r  a s  a  c o m ­
p o n e n t  o f  n a t iv e  s w e e ts  a n d  c a n d ie s .  T h e  o il  o f  th e s e  tw o  s e e d s
c a n  b e  e a s i ly  e x t r a c t e d  f o l lo w in g  th e  u s u a l  t e c h n i q u e s ,  le a v in g  a
r e s id u e  w ith  a  h ig h - p r o te in  c o n t e n t .  T h e  r e s p e c t iv e  o ils  a re  o f  g o o d
e d ib le  q u a l i t y  a n d  h ig h ly  d ig e s t ib le  ( 1 1 , 1 2 ).

U T I L I Z A T I O N  IN  H IG H -Q U A L IT Y  P R O T E I N  F O O D S

F r u i t s  a re  n o t  u s u a l ly  th e  c h e a p e s t  k in d  o f  f o o d  in  t h e  h u m a n  
d i e t ;  h o w e v e r ,  d u e  t o  t h e  a b u n d a n c e  o f  s o m e  o f  t h e m ,  t o  th e  la rg e  
lo s s e s  r e s u l t i n g  f r o m  in a d e q u a te  p r e s e r v a t io n ,  a n d  t o  p o o r  o r  l im ­
i t e d  m a r k e t s  a n d  l i t t l e  in d u s t r i a l i z a t i o n ,  s o m e  a t t e n t i o n  h a s  b e e n  
g iv e n  t o  th e  p o s s ib i l i t y  o f  u s in g  th e m  in  t h e  p r e p a r a t i o n  o f  h ig h -  
p r o t e i n  f o o d s .  U p  t o  th i s  m o m e n t  w e  h a v e  u s e d  th e  tw o  f o r m u la ­
t i o n s  p r e s e n te d  in  T a b le  3 . F o r m u la t io n  A  h a s  b e e n  p r e p a r e d  w i th  
u p  t o  3 0 %  f r u i t  s o l id s ,  w h ile  F o r m u la t io n  B c o n ta i n s  o n ly  2 0 % . 
T h e  p r o t e in  a n d  o i l  f r o m  th e s e  m i x tu r e s  a re  s u p p l ie d  m a in ly  b y  
s o y b e a n s ,  a l t h o u g h  c o r n  o r  a n y  o t h e r  c e r e a l  g ra in  a ls o  p ro v id e  
s o m e  p r o t e in .

TABLE 3

MIXTURES OF MAISOY* WITH FRUIT SOLIDS 
(DRY BASIS)

Mixtures
A

Formulation

B

Soybean** 30 45
Whole com 40 35
Fruit solids 30 20

Total 100 100

* Bressani, Murillo and Elias (13).
** Dehulled.



480 ARCHIVOS LATINOAMERICANOS DE NUTRICION

T h e s e  b le n d s  h a v e  b e e n  p r e p a r e d  fo l lo w in g  th e  s c h e m e  s h o w n  
in  F ig u r e  1. T h e  f r u i t  is  p r o c e s s e d  a s  a p u r é e  a n d  th e n  m ix e d ,  in  
t h e  a p p r o p r i a t e  a m o u n t ,  w i th  s o y b e a n s  a n d  c o r n .  T h e  b le n d  is  t h e n  
p a s s e d  t h r o u g h  a d o u b le - d r u m  d r y e r ,  a t  a  s p e e d  o f  3 -4  r p m  u s in g  
6 0  p s i s t e a m  p r e s s u r e  in  t h e  d r u m s .  T h e  p r o d u c t  th u s  o b t a i n e d  is 
g r o u n d  t o  a  f lo u r .

A s i l l u s t r a t e d  in  F ig u r e  2 ,  o t h e r  p r o d u c t s  h a v e  a ls o  b e e n  p re -

Fruit

Purée

Drum  dried

i
Product

Incap 76-722

Fig. 1 Method used to  incorporate fruit purée into a basic soybean/com blend 
to make a dry food.

Corn soybean mixture (raw) 

Extrusion 

Cooked product 

Mill

Fruit

Ground product
'4'. ~

Mixed

Other ingredients

4
Canned in glass jar

\k
Pasteurized 

Product A

4
Drum dried 

Dry product

Product B 

Incap 76 724

Fig. 2 Method used to incorporate fruit purée into a basic soybean/com blend
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p a r e d .  In  th i s  c a se , th e  f r u i t  p u r é e  is e i t h e r  d r u m - d r i e d  o r  b le n d e d  
w i th  a  c o r n - s o y b e a n  m i x tu r e  ( 1 3 )  p r o c e s s e d  b y  e x t r u s io n  c o o k in g  
s o  a s  t o  o b ta in  a  s o f t  p a s t e  o r  a d r y  p o w d e r .  T h e  c h e m ic a l  c o m p o ­
s i t i o n  o f  s o m e  o f  th e  p r e p a r a t i o n s  s tu d ie d  is s h o w n  in  T a b le  4 .  A s 
m a y  b e  o b s e r v e d ,  G r o u p  A  p r o d u c t s  c o n ta i n e d  3 0 %  f r u i t  s o l id s ,  
w h ile  G r o u p  B p r o d u c t s  w e re  p r e p a r e d  w i th  2 0 %  f r u i t  s o l id s .  T h e  
p r o t e in  c o n t e n t  in  G r o u p  A  r a n g e d  f r o m  13 t o  16%  w h ile  f a t  
c o n t e n t  f l u c tu a t e d  f r o m  a p p r o x i m a t e ly  7 t o  1 0 % . O n  th e  o t h e r  
h a n d ,  th o s e  f r u i t s  in  G r o u p  B c o n ta i n e d  m o r e  p r o t e in  ( a r o u n d  
2 0 % )  a n d  m o r e  f a t  ( a p p r o x im a te ly  1 0 % ) .  T h e s e  d i f f e r e n c e s  a re  
d u e  t o  a  h ig h e r  s o y b e a n  c o n t e n t  a n d  a  lo w e r  c o n c e n t r a t i o n  o f  f r u i t  
s o l id s  in  th e  G r o u p  B p r o d u c t s .

A ll th e s e  p r e p a r a t i o n s  h a v e  b e e n  s u b j e c te d  t o  b io lo g ic a l  a s s a y  
f o r  p r o t e i n  q u a l i t y  u s in g  e i t h e r  t h e  p r o t e i n  e f f ic i e n c y  r a t i o  m e t h o d  
o r  a  p r o t e in  r e p l e t i o n  t e c h n i q u e .  F o r  th i s  p u r p o s e ,  r a t s  o f  th e  
W is ta r  s t r a in  f r o m  th e  IN C A P  a n im a l  c o lo n y  w e re  u s e d .  T h e  f r u i t  
p u r é e  w a s  a d d e d  as  a  s o u r c e  o f  v i t a m in  A  o r  C  o r  a s  a f la v o r  o r  
c o lo r  c o m p o n e n t .  N e v e r th e le s s ,  t h e  b io lo g ic a l  t e s t s  w e re  d o n e  f o r  
p r o t e in  q u a l i t y  h a v in g  o b ta i n e d  th e  r e p r e s e n ta t iv e  r e s u l t s  g iv e n  in  
T a b le  5 . T h o s e  f o r  t h e  f r u i t  p u r é e s  u s e d  a re  s h o w n  in  t h e  f i r s t  
c o lu m n ,  a n d  th e  t h i r d  a n d  f o u r t h  c o lu m n s  in d i c a te  t h e  p r o t e i n  a n d  
f a t  c o n t e n t  o f  th e  f o r m u la t io n s .  F o r  th e  a s s a y , th e  p r o t e i n  in  th e  
m i x t u r e  w a s  d i l u te d  to  9 % ,  a n d  th e  e x p e r i m e n t  w a s  r u n  f o r  2 8  
d a y s .  A v e ra g e  w e ig h t  g a in  f o r  a ll r a t  g r o u p s  f e d  p r e p a r a t i o n s  c o n ­
t a in in g  f r u i t  s o l id s  w a s  lo w e r  t h a n  t h a t  o f  th e  c o n t r o l  g r o u p .  T h e  
g u a v a  a n d  h a w th o r n  b le n d s ,  h o w e v e r ,  w e re  s u p e r io r  to  th o s e  p r e ­
p a r e d  w i th  p la n t a in  o r  b a n a n a s .  A ll m i x tu r e s  s h o w e d  a  lo w e r  p r o ­
t e i n  q u a l i t y  t h a n  c a s e in . T a b le  6 s h o w s  th e  b io lo g ic a l  r e s u l t s  o b ­
t a i n e d  w i th  o t h e r  p r e p a r a t i o n s  w h e n  u s in g  a  p r o t e i n  r e p l e t i o n  t e c h ­
n iq u e .  In  th i s  c a s e ,  5 -w e e k -o ld  r a t s  w e re  f e d  a  p r o t e in - f r e e  d i e t  f o r  
15 d a y s  to  in d u c e  p r o t e in  d e p le t i o n .  T h e y  w e re  th e n  fe d  w i th  
b le n d s  a d ju s te d  t o  9 %  p r o t e in  in  th e  d i e t  f o r  1 0  d a y s .  T h e  r e s u l t s  
o b t a i n e d  f o l lo w e d  th e  s a m e  t e n d e n c y  as  th o s e  g iv e n  in  T a b le  5 . 
T h e  b le n d s  c o n ta in in g  f r u i t  s o l id s  r e s u l t e d  in  a  p o o r e r  p e r f o r ­
m a n c e  th a n  t h a t  o f  th e  c o n t r o l  g r o u p ,  a l t h o u g h  a ll w e re  c a p a b le  o f  
i n d u c i n g  p r o t e in  r e p l e t i o n .  T h e s e  r e s u l t s  h a v e  b e e n  i n t e r p r e t e d  t o  
m e a n  t h a t  e i t h e r  th e  f r u i t  s o l id s  r e d u c e  th e  t o t a l  s u l f u r  a m in o  a c id  
c o n t e n t  o f  th e  s o y b e a n / c o r n  m i x t u r e ,  o r  t h a t  d r u m  d r y in g  in d u c e s  
a  d e c r e a s e  in  a v a i la b le  ly s in e ,  b y  fa v o r in g  ly s in e - s u g a r  r e a c t io n s .  
T h e s e  p o s s ib i l i t i e s  a re  n o w  u n d e r  s tu d y .

T h e  b le n d s  t e s te d  b io lo g ic a l ly  h a v e  b e e n  s u b j e c t e d  a ls o  t o  s t a ­
b i l i t y  t r ia l s  u n d e r  s to r a g e  u s in g  d i f f e r e n t  t e m p e r a t u r e s  a n d  d i f ­
f e r e n t  p a c k a g in g  m a te r i a l s .  T a b le  7  i l lu s t r a t e s  s o m e  o f  th e  p e r t i n e n t  
F in d in g s . T h e y  in d i c a te  t h a t  t h e  v i t a m in  C  c o n t e n t  d e c re a s e s  w i th  
s to r a g e  t im e ,  a n d  t h a t  th i s  d e c r e a s e  is  g r e a t e r  a s  th e  s to r a g e  t e m ­
p e r a t u r e  in c r e a s e s .  T h e  p a c k a g in g  m a te r i a l  h a s  n o  a p p a r e n t  e f f e c t



TABLE 4

»
8

CHEMICAL COMPOSITION OF HIGH-PROTEIN FRUIT FORMULAS

Water
g %

Protein 
(N X 6.25)

g %

Fat
g%

Fiber
g%

Group A (30% fruit solids)
Maisoy*/Plantain 4.9 12.8 7.5 1.9
Maisoy/Guava 5.5 13.9 8.6 9.0
Maisoy/Banana 3.8 16.1 8.9 2.4
Maisoy/Hawthorn 4.9 16.2 9.6 3.8

Group B (20% fruit solids)**

Maisoy/Plantain 3.6 19.7 10.8
Maisoy/Whitesapote 4.6 21.1 9.7
Maisoy /Mango 3.0 20.7 10.3
Maisoy/Hawthorn 5.0 20.0 11.0

* Bressani, Murillo and Elias (13).
** Crude fiber not determined.
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TABLE 5

CHEMICAL QUALITY OF A HIGH-PROTEIN FOOD CONTAINING DEHYDRATED
FRUIT PUREE*

Fruit Source Protein
%

Fat
%

Average wt 
gain, g

PER

None 18.0 10.3 98 2.22
Plantain Vitamin A 14.9 7.5 56 1.33
Guava Vitamin C 15.6 8.6 78 1.56
Banana Flavor 18.1 8.9 33 0.88
Hawthorn Vitamin A 18.1 9.6 77 1.57
Casein - 153 3.09

* Diets were calculated to contain 9% protein.
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TABLE 6

PROTEIN QUALITY OF HIGH-PROTEIN FOOD MIXTURES WITH FRUIT SOLIDS, AS 
EVALUATED IN RATS BY THE PROTEIN DEPLETION-REPLETION METHOD

Average wt 
gain (10 days) 

g

Food intake 
g/10 days

Relative
nutritive

value

Maisoy */Banana 86 96 43.4
Maisoy/Hawthom 101 121 63.6
Maisoy/Mango 96 113 57.4
Maisoy/Plantain 82 91 31.5
Maisoy/Whitesapote 76 77 19.9
Maisoy/Starch 110 127 80.6

Casein 126 146 100.00

*Bressani, Murillo and Elias (13). 
Initial weight: 70 g/rat.
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in  r e d u c in g  lo s s e s  o f  th i s  n u t r i e n t .  T h e  s to r a g e  te s t s  a ls o  i n c lu d e d  
d e t e r m i n a t i o n  o f  f r e e  f a t t y  a c id  c o n t e n t  a n d  o f  o r g a n o l e p t i c  c h a r ­
a c te r i s t ic s ,  w h ic h  in d i c a te d  d e t e r i o r a t i o n  as s to r a g e  t im e  a n d  
t e m p e r a t u r e  in c r e a s e d .

O th e r  p r e p a r a t i o n s  h a v e  b e e n  s t u d i e d  a ls o . O n e  o f  p a r t i c u l a r  
i n t e r e s t  is a  p o p u la r  d r i n k  in  B ra z il  m a d e  f r o m  a v o c a d o ’s p u lp ,  
c o w ’s m i lk  a n d  s u g a r ;  i t  h a s  a  g re e n  c o lo r  a n d  th e  c o n s i s te n c y  o f  
m a l te d  m i lk .  O th e r  b e v e ra g e s  h a v e  b e e n  p r e p a r e d  u s in g  s o y b e a n  
a n d  a v o c a d o  p u lp  in  f o r m u la t io n s  a s  t h a t  s h o w n  in  T a b ic  
8 w h ic h  c o n s i s ts  o f  200  g  s o y b e a n  m i lk ,  100  g  a v o c a d o  p u lp ,  a n d  
6 0  g s u g a r .  A  1 2 0  g p o r t i o n  o f  th i s  d r i n k  p ro v id e s  a r o u n d  1 4 2  c a l, 
3  g  o f  p r o t e i n  a n d  4  g o f  f a t .  T h e  p r e p a r a t i o n  m e t h o d  is d e s c r ib e d  
in  F ig u r e  3 . W h o le  s o y b e a n s  a re  p r o c e s s e d  to  o b ta i n  w h o le  
s o y b e a n  m i lk ,  a n d  th i s  is b le n d e d  w ith  a v o c a d o  p a s te ,  f la v o r in g  
a n d  s u g a r ;  i f  th e  s o y b e a n  m i lk  is p r o p e r ly  m a d e ,  i t s  t a s t e  c a n  b e  
v e ry  p l e a s a n t .  T h e  p r o b l e m  a t  t h e  p r e s e n t  t im e  is th e  d i f f i c u l ty  t o  
d e h y d r a t e  th i s  p r o d u c t  w i th o u t  a l t e r in g  i t s  a p p e a r a n c e  a n d  o r g a n o ­
le p t i c  q u a l i t y ,  a l t e r a t i o n  w h ic h  is c a u s e d  b y  th e  p o o r  s t a b i l i t y  o f  
a v o c a d o  p a s te .

U T I L I Z A T I O N  O F  F R U I T S  A S  A N IM A L  F E E D

T h e r e  a re  in  L a t in  A m e r ic a  o t h e r  f r u i t s  w h ic h  a re  n o t  la rg e ly  
c o n s u m e d  b y  th e  p e o p le ,  b u t  b e c a u s e  o f  t h e i r  r e la t iv e  a b u n d a n c e ,  
w e  h a v e  b e c o m e  in t e r e s t e d  in  t h e i r  u t i l i z a t i o n .  A n  e x a m p le  in  th i s

Whole soybeans Avocado

1
Drink

Incap 76-723

Fig. 3. Preparation of a high-protein food with soybean and avocado.



TABLE 7

ASCORBIC ACID RETENTION DURING PROCESSING AND STORAGE (3 MONTHS)
OF MAISOY*/FRUIT

Mixture
Calculated

value
Initial 5°C 25°C 32°C

m g/100 g

Maisoy/Guava 1 340 386 316 321 271
2 335 397 225

Maisoy/Hawthorn 1 66 40 95 44 19
2 41 32 25

Maisoy/Banana 1 3 4 2 2 2
2 2 3 3

Maisoy/Plantain 1 6 9 7 7 3
2 6 6 2

* Bressani, Murillo and Elias (13).
1 =  Paper bag with plastic lining.
2 =  Plastic bag.
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TABLE 8

HIGH-PROTEIN ENERGY FOOD MADE FROM 
SOYBEANS AND AVOCADO PULP

Ingredient g

Soybean milk 200

Avocado pulp 100

Sugar 60

120 g of portion provide 142 cal, 3 g protein and 
4 g fat.

r e g a r d  is s h o w n  in  F ig u r e  4  f o r  th e  J i c a r a  o r  M o r ro  ( C r e s c e n t ia  
a l a t a )  ( 1 1 ,  1 4 ) . T h e  re s e a rc h  c a r r ie d  o u t  a n d  th e  p r o d u c t s  o b ta i n e d  
a re  s h o w n  s c h e m a t i c a l l y  in  th e  a b o v e - m e n t io n e d  F ig u r e .  T h e  f r u i t ,  
a s  la rg e  as a  s m a ll  c o c o n u t ,  h a s  a h a r d  c o v e r  w h ic h  h o ld s  a v e ry  
a r o m a t i c  p u lp ,  a n d  th e  s e e d s . T h e  w h o le  f r u i t  o r  th e  p u lp  c a n  b e  
d r ie d  to  p r o d u c e  a f l o u r  o r  o t h e r  p r o d u c t s  w h ic h  h a v e  b e e n  u s e d  
a s  a n im a l  f e e d . T h e  s e e d s , h ig h  in  p r o t e in  a n d  o il c o n t e n t  c a n  b e

u m m m o N  o r  j i c a r q
EN SILA G E

• f v «. m "

J I C A R O
A N IM A L  C ON SU M PTIO N

FR U IT  w O V E N ­
PULP SE E D  . D R IE D V

FLO U R

T
A N IM A L  CO N SU M P T IO N

A FLO U R  
1 5 0 %  Prot)

H U M A N  CON SU MPTIO N

Utilization o f  Jícaro.



CHEMICAL COMPOSITION OF MORRO (Crescentia alata) AND OF SOME OF 
ITS PREPARATIONS (% )

TABLE 9

Moisture Ether
extract

Crude
fiber Protein Ash CHO

Fruit without coat 68.5 5.3 3.6 6.2 2.0 14.7
Whole fruit flour: 6.2 17.8 11.6 18.9 6.4 39.1

pulp 72.0 1.2 2.6 3.3 2.2 18.7
dried seeds 7.8 33.4 16.8 25.1 3.2 13.7

Flour, human-grade 11.7 0.9 8.8 53.6 8.1 16.9
Flour, feed-grade 11.6 0.7 21.9 39.7 6.5 19.6
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g r o u n d  a n d  c o n s u m e d  as  a  w a te r  s u s p e n s io n  o r  e m u ls io n ,  o r  t h e y  
c a n  b e  o i l - e x t r a c t e d ,  y ie ld in g  a  p r o t e in - r i c h  f l o u r .  B o th  t h e  o il 
a n d  th e  p r o t e in  a re  o f  r e la t iv e ly  h ig h  n u t r i t i o n a l  v a lu e . T h e  c h e m i­
c a l c o m p o s i t i o n  o f  th e  f r u i t  a n d  o f  i t s  c o m p o n e n t s  a s  w e ll a s  o f  
s o m e  p r o d u c t s  m a d e  f r o m  th e m ,  a r e  s h o w n  in  T a b le  9 . A s  th e  d a t a  
re v e a l ,  th e  d e h y d r a t e d  p u lp  is r e la t iv e ly  h ig h  in  i t s  p r o t e i n  a n d  f a t  
c o n t e n t  a n d  i t  h a s  b e e n  t e s te d  b io lo g ic a l ly  a s  s o u r c e  o f  th e s e  n u ­
t r i e n t s  in  a n im a l  f e e d in g ,  w i th  a c c e p t a b le  r e s u l t s .  T h e  te s t s  w e re  
c o n d u c te d  r e d u c in g  th e  c e r e a l  g ra in  in  th e  d ie t s .  T h e  d r ie d  s e e d s  
a r e  a ls o  r i c h  in  p r o t e in  a n d  o il  a n d ,  a s  i n d i c a te d  b e f o r e ,  th e y  a re  
b e in g  u t i l i z e d a s c o m p o n e n t o f h i g h - p r o t e i n f o o d s f o r  h u m a n f e e d in g .  
A n o t h e r  e x a m p le ,  t h a t  o f  th e  C h a lu m  ( I n g a  S p p .)  is s h o w n  in  T a ­
b le  1 0 . T h is  f r u i t ,  f r o m  a le g u m in o u s  t r e e  v e ry  o f t e n  f o u n d  in  
c o f f e e  p l a n t a t i o n s ,  c o n ta i n s  a r o u n d  1 2 .5 %  c r u d e  p r o t e i n  a n d  
2 7 .2 %  f ib e r ,  c o m p o s i t io n  w h ic h  is s im i la r  t o  t h a t  o f  m a n y  fo ra g e s . 
T h e  f r u i t ,  w e ig h in g  a r o u n d  6 0  g, is  m a d e  u p  o f  p o d s  a n d  s e e d s , 
w h ic h  r e p r e s e n t  5 0  -5 5 %  a n d  4 4 %  o f  th e  t o t a l  w e ig h t ,  r e s p e c tiv e ly . 
T h e  w h o le  f r u i t  o r  th e  s e e d s  c a n  b e  u s e d  as a  f e e d  in g r e d ie n t  f o r  
s w in e , d a i r y  o r  b e e f  c a t t l e ,  w h ile  th e  p o d s  c a n  b e  f e d  to  r u m in a n t s .

T o  o u r  k n o w le d g e ,  f e e d in g  t e s t s  h a v e  n o t  b e e n  c a r r ie d  o u t  as 
y e t ,  b u t  p r e l im in a r y  a c c e p t a b i l i ty  te s ts  in  s w in e  s u g g e s t  th e  f r u i t  
t o  b e  a c c e p ta b le  a n d  n o n to x i c .  I t  s h o u ld  b e  in d i c a t e d  h e r e  t h a t  th e  
id e a  is to  u se  th e s e  p r o d u c t s  to  r e p la c e  c e r e a l  g ra in s  in  a n im a l  
d ie t s ,  f o r  e v e n  i f  o n ly  sm a ll  a m o u n t s  w e re  r e p l a c e d ,  th i s  w o u ld  to  
so m e  e x t e n t  in c r e a s e  a v a i la b i l i ty  o f  c e re a l  g ra in  f o r  h u m a n  c o n ­
s u m p t io n .

A n o t h e r  f r u i t  w i th  m u c h  p o t e n t i a l  is th e  c h i l a c a y o te ,  a  c u c u r -  
b i t a c e a e ,  w h ic h  is p la n t e d  in  c o rn  f ie ld s  b y  th e  n a t iv e s  a s  a s o u r c e

TABLE 10

CHEMICAL COMPOSITION OF DEHYDRATED CHALUM 
(Inga Spp) FRUIT AND SEEDS (g/100 g)

Fruit Pods Seeds

Dry matter 96.8 97.8 93.5
Ether extract 1.2 1.5 1.0
Crude fiber 27.2 36.9 3.6
Protein 12.5 9.8 20.2
Ash 3.1 4.4 2.0

Weight distribution (%) 100% (61 g) 55.7% 44.3%
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o f  f o o d .  T h e  s e e d s  c a n  b e  u s e d  in  s w in e  f e e d in g .  I t s  c h e m ic a l  
c o m p o s i t i o n  ( T a b le  1 1 ) ,  r e v e a ls  t h a t  t h e  f r u i t  c o n ta i n s  a r o u n d  
8% c r u d e  p r o t e i n  a n d  16%  f i b e r  o n  a  d r y - w e ig h t  b a s is .  A s  s o m e  o f  
t h e  o t h e r  f r u i t s  m e n t io n e d  p r e v io u s ly ,  t h e  s e e d s  a r e  h ig h  in  o il  a n d  
p r o t e i n  c o n t e n t .

TABLE 11

CHEMICAL COMPOSITION OF DEHYDRATED CHILACAYOTE
(Malabargourd) (Cucurbita ficifolia) (g/100 g)

Whole fruit Seeds*

Dry matter 92.3 98.0
Ether extract 5.6 37.6
Crude fiber 15.7 17.1
Protein 7.8 31.8
Ash 6.0 5.2

* Dry weight basis.

A t t e n t i o n  h a s  a ls o  b e e n  g iv e n  t o  t h e  c a u lo t e  f r u i t ,  w h ic h  
a c c o r d in g  t o  i t s  c h e m ic a l  c o m p o s i t i o n  s h o w n  in  T a b le  1 2 , h a s  
a r o u n d  10%  p r o t e i n  a n d  2 2 %  c r u d e  f i b e r .  I t  is  h ig h ly  a c c e p t a b le  b y  
c a t t l e  s in c e  i t  is  s w e e t ,  a l t h o u g h  i t s  t a n n i n  c o n t e n t  is  v e r y  h ig h .

TABLE 12

CHEMICAL COMPOSITION AND NUTRITIVE VALUE
OF CAULOTE (Guazuma ulmifolia, Lam)*

%•

Dry matter 93.3

Protein 10.0

Crude fat 4.7

Crude fiber 22.3

Ash 3.1

Total digestible nutrients 38.8

* Bressani and Navarrete (15)
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T h e  c a u lo t e  h a s  b e e n  t e s t e d  in  r a b b i t  d ie t s ,  s h o w in g  a  t o t a l  d ig e s t i ­
b le  n u t r i e n t  c o n t e n t  o f  a r o u n d  3 9 % ,  v a lu e  w h ic h  is s l ig h t ly  b e lo w  
t h a t  o f  a  h ig h - q u a l i ty  fo r a g e .  I t  h a s  a ls o  b e e n  t e s t e d  a s  c o m p o n e n t  
o f  p o u l t r y  d ie t s ,  b u t  i t s  h ig h  c r u d e  f i b e r  c o n t e n t  is a  l im i t in g  
f a c t o r .  S tu d ie s  s t a r t e d  s o m e  t im e  a g o  ( 1 5 )  h a v e  b e e n  r e i n i t i a t e d  
u s in g  y o u n g  r u m in a n t s .

F in a l ly ,  a n o t h e r  t r o p ic a l  f r u i t  w h ic h  is  b e in g  in c r e a s in g ly  
p r o d u c e d  in  C e n t r a l  A m e r ic a  is c a s h e w . T h e  C e n t r a l  A m e r ic a n  
B a n k  f o r  E c o n o m ic  I n t e g r a t io n  h a s  p r o m o t e d  th e  c u l t iv a t io n  o f  
th i s  c r o p  f o r  th e  p u r p o s e  o f  e x p o r t i n g  th e  e c o n o m i c a l l y - a t t r a c t iv e  
c a s h e w  n u t s  ( 1 6 ) .  S o m e  w o r k  h a s  a ls o  b e e n  d o n e  o n  th e  u s e  o f  th e  
ju i c e  o f  th e  c a s h e w  a p p le  f o r  w in e  a n d  v in e g a r  p r o d u c t i o n ,  b u t  
a v a i l a b i l i ty  o f  t h e  a p p le  is in c r e a s in g  a n d  i n t e r e s t  t o  u s e  i t  a s  a n  
a n im a l  f e e d  h a s  d e v e lo p e d .  I t s  c h e m ic a l  c o m p o s i t i o n  is  s h o w n  in  
T a b le  13 . T h e  a m o u n t  o f  w a te r  is r e l a t iv e ly  h ig h ;  h o w e v e r ,  w h e n  
p r o c e s s e d  f o r  ju i c e  p r o d u c t i o n ,  m o i s t u r e  le v e ls  d r o p  a n d  th e  b a ­
g a sse  c a n  b e  d e h y d r a t e d  o r  e n s i la g e d .  S tu d ie s  c o n c e r n in g  th i s  p r o c ­
e ss  a re  u n d e r  w a y  in  o u r  l a b o r a to r y .

TABLE 13

PERCENTAGE CHEMICAL COMPOSITION OF CASHEW APPLE
(Anacardium occidentale)

Moisture 87.1
Protein 0.8
Ether extract 0.2
Crude fiber 1.5
Ash 0.3
Carbohydrate 11.6

T h e  p r e s e n t  p a p e r  p ro v e s  t h a t  t r o p ic a l  a r e a s  o f  th e  w o r ld ,  in  
th i s  c a se  l im i te d  t o  C e n t r a l  A m e r ic a ,  h a v e  a  v a r i e ty  o f  f r u i t s  w h ic h  
c o u ld  p la y  a  u s e f u l  r o le  a s  c o m p o n e n t s  o f  h ig h - q u a l i ty  p r o t e in  
f o o d s  f o r  h u m a n  f e e d in g ,  o r  a s  a n im a l  f e e d  in g r e d ie n t s ,  r e p la c in g  
p a r t i a l ly  o r  t o t a l l y  t h e  c e re a l  g ra in s  s u c h  d i e t s  n o w  c o n ta i n .  
A l th o u g h  w e h a v e  n o t  m a d e  a n y  m e n t io n  o f  t h e  e c o n o m i c  a s p e c t  
in  u s in g  th e m  f o r  th e  a b o v e  p u r p o s e s ,  w e  f e e l  t h a t  a t t e n t i o n  
s h o u ld  b e  g iv en  t o  t h e m  s in c e  a t  th e  p r e s e n t  t im e  m o r e  th a n  
8 0 %  o f  th e  to t a l  p r o d u c t i o n  o r  o f  i t s  a v a i l a b i l i ty  is lo s t .  F u r t h e r ­
m o r e ,  t h e  r a t io n a l  u t i l i z a t i o n  o f  th e s e  f r u i t s  w o u ld  in c r e a s e  th e  
e f f ic i e n c y  o f  la n d  u t i l i z a t i o n  a n d  o f  th e  n a t u r a l  r e s o u r c e s  o f  th e s e  
c o u n t r i e s .
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RESUMEN

Composición y posible uso, en la nutrición, de algunas 
frutas tropicales

Se describe el papel nutricional que las frutas podrían desempeñar en die­
tas de baja calidad, utilizándose como fuentes de vitamina A y ácido ascòrbi­
co. Se presenta también información sumarizada sobre algunas frutas tropica­
les desconocidas de sabores muy variados, que existen en cantidades relativa­
mente abundantes en Centro América y que podrían usarse como componen­
tes de alimentos ricos en proteína, ya que aportan nutrientes tales como pro­
vitamina A y ácido ascòrbico. En los estudios realizados a este respecto se 
agregó en forma de puré pulpa de fruta fresca o secada por tambores, a una 
mezcla de maíz y frijol de soya. En todos los casos se constató un descenso 
en la calidad de la proteína, el cual fue más marcado en algunas frutas, pro­
bablemente debido al proceso de deshidratación usado. Por otra parte, se pro­
porcionan datos sobre la composición química de otras frutas tropicales cu­
yo consumo no se acostumbra, pero que podrían aprovecharse en alimenta­
ción animal. Este tipo de frutas incluye el Chalum (Inga Spp) y algunas cucur­
bitáceas. Otras tienen semillas con un alto contenido de aceite y proteína. En­
tre estas últimas, la jicara (Crescentia alata) ofrece buenas posibilidades indus­
triales.
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